201-14907

TEST PLAN FOR THIODIPROPIONITRILE (CAS NO. 111-97-7)

OVERVIEW
The Thioesters Association agrees to sponsor thiodipropionitrile (CAS No. 111-97-7)
in the U.S. EPA High Production Volume Chemical Program. The sponsors hereby

submit a test plan for this substance. It is the intent of the sponsors to use existing data

plus additional testing as proposed in the test plan to fulfill the Screening Information
Set (SIDS) endpoints.
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Table 1. Test Plan Matrix for Thiodipropionitrile (CAS No. 111-97-7)

CASNo. 111-97-7
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ENDPOINT Y/N Y/N Y/N | YN
PHYSCHEM PROPERTIES
Médlting Point Y N Y N
Bailing Point Y N Y N
Vapor Pressure Y N Y N
Partition Coefficient Y Y Y N
Water Solubility Y N Y N
ENVIRONMENTAL FATE
Photodegradation Y Y Y N
Sability in Water Y N Y N
Biodegradation N N N Y
Transport between Environmental Y Y Y N
Compartments (Fugacity)
ECOTOXICITY
Acute Toxicity to Fish Y Y N NR
Acute Toxicity to Aquatic Y Y N NR
Invertebrates
Toxicity to Aquatic Plants Y Y N NR
TOXICOLOGICAL DATA
Acute Toxicity Y N Y N
Repeated Dose Toxicity Y N N NR
Genetic Toxicity-Mutation N N N Y
Genetic Toxicity-Chromosomal N N N Y
Aberrations
Toxicity to Reproduction N N N NR
Devdopmenta Toxicity N N N NR
OTHER TOXICITY DATA
Skin Irritation (NR) Y N Y N
Eye Irritation (NR) Y N Y N
Sengtization (NR) Y N Y N

Y =vyes; N = no; NR =toxicity testing is not required because the material

isaclosed system intermediate (see Appendix I).
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1. I ntroduction

The Thioesters Association has agreed to supply screening information under the U.S. EPA High
Production Volume Chemica Program for thiodipropionitrile. The Thioesters Association
congsts of the following manufacturers: Cytec Indudtries, Inc. and the Dow Chemical Company.
This plan identifies existing data of adequate qudity for this chemica, and outlines the intended
testing to be conducted.

2. Designation of Test Substance

The test substance presented in thistest plan is 3,3’ -thiodipropionitrile (CAS No. 111-97-7). Its
chemicdl gructureis asfollows:

NCCH,CH,SCH,CH,CN
This substance has the following synonyms:

Di(2-cyanoethyl)sulfide
Propionitrile, 3,3 -thiodi
Sulfide, big(2-cyanoethyl)
Thiodipropionitrile

3. Criteriafor Determining Adequacy of Data

All available studies were reviewed and assessed for adequacy according to the standards of
Klimisch et d. (1997). Studies receiving a Klimisch rating of 1 or 2 were considered to be
adequate.

4. Discussion of Available Test I nfor mation

The thiodipropionitrile test plan matrix (as shown in Table 1) was congructed after a careful
evaudion of dl exising data (see below). Thismatrix is arranged by study type (columns) and
screening data endpoints (rows), and indicatesif data are provided for each end point in the sets
of robust summaries.

4.1  Chemical and Physical Properties

The reaults of chemical/physicd property testing are shown in Table 2.

4.1.1 Mdting Point

A measured meting point of 25 — 29 °C was obtained in arecent study conducted according to
OECD Test Guideline 102 (Cuthbert and Mullee, 2003). A meting point of 25°C is reported by

the Cytec Indudtries, Inc. materia safety data sheet. The results are consistent with the physica
date of the product at room temperature. The product isin the form of asolid or liquid, or is



Table 2. Chemicd/physica properties of thiodipropionitrile

Endpoint Thiodipropionitrile
(CASNo. 111-97-7)

Molecular weight grams/mol 140.20

Mdting point 25—29°C?

Bailing point 163-4°C a 1 hPa®

Relative dendty 1.11%

V apor pressure 7.3 x 10E-5hPa’ at 25° C

Partition coefficient -0.05°

(Log Pow or Kow)

Water solubility (mg/l & 30° C) | 25,000 ¢

®measured; ° estimated by EPIWIN

partidly solid at ambient temperatures (20-30°C), depending on whether the purity is 96.5% or
closer to 99%.

4.1.2 Bailing Point

A measured boailing point of 163-4 °C a 1 hPa has been reported in the Dow Chemica Company
material safety data sheet for thiodipropionitrile.

4.1.3 Vapor Pressure

A vapor pressure of 7.3 x 10™ hPaat 25° C has been measured using OECD Test Guiddline 104
(Tremain, 2003). The EPIWIN-calculated vaue is 0.03 hPa at 25° C. Measured inputsto the
mode were a mdting point of 27 ° C, boiling point of 250 ° C at 1013 hPa, vapor pressure of
5.5 E-5mm Hg, and awater solubility of 25,000 mg/l.

4.1.4 Octanol/Water Partition Coefficient

The EPIWIN Kowwin program provides a caculated partition coefficient of log Kow = —0.05.
Measured inputs to the model were amelting point of 27° C, bailing point of 250 ° C at 1013
hPa, vapor pressure of 5.5 E-5 mm Hg, and awater solubility of 25,000 mg/l.

4.1.5 Water Solubility

A measured water solubility value of 25,000 mg/l at 30°C has been reported in the Cytec
Industries, Inc. materia safety data sheet for thiodipropionitrile. The EPIWIN Wskow program
caculates awater solubility of 117,900 mg/l at 25°C.

4.1.6 Summary/Test Plan for Physical Properties

Measured vaues are available for melting point, boiling point, vapor pressure and water
solubility. These values are consdered to be sufficient to characterize these endpoints. A



cdculated vaue is avalable for the partition coefficient, usng EPIWIN Kowwin. Thisvaueis
deemed to be adequate to characterize this endpoint.

4.2  Environmental Fate/Pathways
Results of environmental fate modeling and studies are summarized in Table 3.

Table 3. Environmentd fate parameters for thiodipropionitrile

Endpoint Vdue

Indirect Photolysis (OH sengitizer)

(Hydroxyl Radica Rate Constant)® 3.885 E-12 cm?3/(molecul e* sec)

(Atmospheric Tyo) ° 33 hours

Stability in Water® Typ>1yeara 25°C

Henry’s Law Constant” 2.38 E-10 atm-nt/mol

Koc” 177.1

Environmenta trangport Air =0.007

(Fugacity Level 111 mass percentages)® Water = 49.3
Soil =50.6
Sediment = 0.0917

Biodegradation No measured data, EPIWIN predicts
ultimate biodegradation of weeks-months
based on the molecular structure

®measured; ° Edimated usng EPIWIN
4.2.1 Photodegradation

Photodegradation with hydroxyl radical sengtizer was estimated using EPIWIN/Aop (v1.90).
An overall OH rate constant of 3.885 E-12 cn™/(molecule* sec) was cal culated based on the
summation of individua rate congtants for each bond fragment in the molecule using the
program dgorithm. A hdf-life of 33 hours was ca culated assuming a constant concentration of
OH radical and pseudo first order kinetics.

4.2.2 Stability in Water

According to arecent study conducted according to OECD Test Guiddine 111 (Cuthbert and
Mullee, 2003), less than 10% of the materia hydrolyzes over 5 days in solutions maintained a

pH vaues of 4, 7 and 9 and atemperature of 50 +/- 5 degrees C, and at aphysiologicaly relevant
pH and temperature (1.4 and 37 degrees C, respectively). The haf-life caculated from the data
at pH 4, 7and 9was > 1 year a 25 degrees C. However, according to manufacturing
information (see Appendix 1), hydrolysis of thiodipropionitrile to the corresponding acid sat has
been observed at temperatures higher than those used for manufacture (28 - 30°C).

4.2.3 Fugacity

Levd 111 fugacity modding has been conducted on the test materia using the EPIWIN modd.
Mesasured inputs to the program are the mdting point, boiling point, and water solubility listed in



Table 2. Emisson rates inputted into the program were air: 0 kg/hr, water: 1000 kg/hr, soil:

1000 kg/hr and sediment: O kg/hour.  The following half-lives were calculated: T Yair = 66 hr,
water = 900 hr, soil = 900 hr, and sediment = 3600 hr. The Biowin ultimate vaue range was
weeks to months. A Henry’s Law Constant of 2.38 E -10 atm-nt/mol and a soil sediment
partition constant (Koc) of 177.1 were estimated using the EPIWIN/Henry and Pckoc Programs,
respectively.  The percent mass balances predicted for thiodipropionitrile in air, water, soil and
sediment are shown in Table 3. The resultsindicate that the materid will partition to water and
soil.

4.2.4 Biodegradation
A study that provides data on the rate and extent of biodegradation of thoidipropionitrile in the

agueous environment is not available. Biodegradation testing is therefore proposed by the
SPONSors.

425 Summary/Test Plan for Environmental Fate Parameters

Edimated vaues are available for the hydroxyl radica induced photolysis rate constant and
atmospheric hdf-life, Henry's Law Constant, soil sediment partition coefficient, and Fugacity
Levd 11 environmentd trangport parameters. No further testing is planned for these endpoints.
Biodegradation testing has not been conducted. Since results of the hydrolysis study indicate that
the materid isfarly stable in water, biodegradation testing is rlevant, and will be conducted.

4.3  Ecotoxicity

4.3.1 AcuteToxicity to Fish

The 96-hr LC50 vadue for fish estimated by the EPA’s ECOSAR neutra organics modd is
8785.377 mg/l. No measured data are available.

4.3.2 Acute Toxicity to Aquatic Invertebrates

The EPA’s ECOSAR neutra organics mode predicts a48-hour EC50 value of 8170.722 mg/l
for Daphnia.  No measured data are available.

4.3.3 Acute Toxicity to Aquatic Plants

The 96 hr EC50 vaue caculated for green dgae by the ECOSAR neutra organics modd is
4539.524 mg/l. No measured data are available.

4.3.4 Summary/Test Plan for Ecotoxicity

L C50 and EC50 toxicity vaues have been estimated by EPIWIN ECOSAR for fish, Dagphniaand
green dgee. The valuesfor dl three species are > 4539 mg/l, which suggeds that the materid is

of low toxicity to these species. Since the materid is a gte limited, wholly consumed Type A
intermediate (see Appendix 1), waste streams contain only minimal concentrations of
thiodipropionitrile. Therefore, environmenta concentrations will be considerably less than those



estimated by ECOSAR to be toxic to aquatic species. For this reason, no aguetic toxicity testing
is planned.

44  Human Health Data
4.4.1 Acute Mammalian Toxicity

Thisendpoaint isfilled by sufficient ord, inhalaion and dermd toxicity sudiesin rodents. The
LDsp vauefor the ora study in mice conducted with thiodipropionitrile of > 90% purity is3.75
o/kg (Tusing, 19534). Inhaation exposure to a saturated vapor of thiodipropionitrile (containing
approximatey> 15.5 ppm) for 6 hours did not cause death or signs of toxicity in rats, mice or
guineapigs (Tusing, 1953b). The dermd LDsp vaue in guineapigswas > 8 mi/kg (8.876 g/kg)

(Tusing, 19534).

Sgnsof toxicity in mice oraly exposed to lethd concentrations included squinting, lacrimation,
rgpid and labored respiration, ataxia and depression, vasodilation around the mouth, mild clonic
convulsons and coma preceding death. Postmortem examinations of mice that died reveded
hemorrhagic or hyperemic lungs, distended somachs, irritated intestines (with vasodilation in
some cases), mottled livers and granular kidneys. I1n addition, blood clots were observed in the
region of the transverse snuses of 2 mice treated with 4.4 g/kg. No other brain damage was
observed grosdy. Animalstha survived until necropsy had norma gross pathology.

4.4.2 Repeated Dose Mammalian Toxicity
Two repesated dose toxicity experiments have been performed with thiodipropionitrile.

Results of a 10-day repesated dose derma study in rabbits show that application of 1.0 g/kg/day
did not cause toxicity in 5/6 animds (Tusing, 19533). After 6 treatments, one anima developed
an gpparent weakness or incoordination of the hind extremities. This behavior persasted until
sudy termination. Placement and righting reflexesin this anima were norma. Thisanima dso
developed diarrhea, weight loss, and an “ unthrifty” gppearance. There were no significant
necropsy findingsin any of the animas (including the animd with diarrheg).

Rats have been given 100, 1,000 and 10,000 ppm thiodipropionitrile in the diet for 32 continuous
days (Tusing, 1953b). Based on the average amount of food consumed and average body
weights, the amount of test material consumed on a mg/kg/day basiswas 10.7, 104.8 and 1010.8
for the 100, 1,000 and 10,000 ppm groups, respectively. In this study, the authors concluded that
there was no evidence of toxicity at any doselevel. However, one anima exposed to 100 and
another t010,000 ppm died during the study. In addition, gross pathological changesin the liver
and kidneys were observed in animals treated with 1,000 and 10,000 ppm. Since this study was
not conducted according to current standards, it was given ardiability reting of 4 (not

assignable).

Although these tudies are not up to current standards, no further repeat dose testing is required,
gnce the substanceisa Type A indudtrid intermediate (see Appendix I).



443 Genetic Toxicity

4431 M utagenicity

Mutagenicity testing has not been conducted. Testing is proposed for this endpoint.
4432 Chromosomal aberration

No tests for this endpoint were located. Testing is proposed for this endpoint.
4.4.4 Reproductive and Developmental Toxicity

Reproductive or developmenta toxicity tests with thiodipropionitrile have not been performed.
Thiodipropionitrile is used exclusvely as a closed-system (Type A) indudtrid intermediate,
chemicdly converted to other products. The potentia for Sgnificant human exposureis grictly
limited. Thereforeit isbdieved that this materid qualifies for exemption from reproductive
toxicity testing under the established guidelines of the U.S. EPA HPV chemica program.
Detailed documentation of the information required to substantiate manufacture and use asa
closed-system indudtrid intermediate with limited exposure is provided in Appendix | of thistest
plan.

According to the U.S. EPA HPV Chemica program for Type A intermediates, developmenta
toxicity testing is required. However, due to the precautions involved in use and manufacture of
the materia (see Appendix 1), the possibility for exposure is extremely low. Therefore, we
believe that developmentd toxicity testing is not necessary.

445 Additional Data
4.45.1 Skin and Eyelrritation

The results of arepeated dose dermd toxicity study in rabbits with materid of fairly high purity
(> 90%) indicate that 1.0 ml/kg thiodipropionitrile is not irritating to skin (Tusing, 1953b). Inan
acute sudy, application of 4.0 mi/kg (but not 8.0 ml/kg) to rabbits caused behavior indicative of
burning or pain (Tusing, 1953a). Application of undiluted materid to rabbit eyes caused pain,
vascularization of the sclera and nictitating membrane and some edema of the upper eydid that
resolved within an hour.

4452 Sensitization

The ability of thiodipropionitrile to produce sengtization was tested in modified repeated dose
dermal toxicity study in rabbits (Tusing, 1953b). Test materid (1.0 mi/kg) was gpplied dermdly
5 days/week for atotd of 10 gpplications, and a challenge dose of 1.0 m/kg was applied after a
10 day rest period. None of the rabbits tested exhibited any evidence of sengtization over the
next 5 days.

4.4.6 Summary/Test Plan for Mammalian Toxicity



Adequate acute toxicity studies have been conducted for thidiopropionitrile. Results of these
Studies show that exposure to fairly large amounts of thiodipropionitrile is required to produce
acute toxicity. The materia may causeirritation to the skin and eyesimmediately after exposure,
which quickly resolves.

Results of repesated dose ord and dermd toxicity studies show that fairly high doses of
thiodipropionitrile are required to produce toxicity. However, microscopic anayses and
laboratory tests that are currently required of repeated dose toxicity studies were not performed.
Although these studies are not up to current standards, no further repeat dose testing is proposed,
since the subgtanceisa Type A indudtrid intermediate. No reproductive or developmental
toxicity data are available, but no testing is planned for these endpoints, since the substanceisa
Type A indudtrid intermediate with extremely low probability of exposure (see Appendix 1). No
data are available for mutageniaty or, chromosomal aberrations, so thistesting is planned.

S. Summary

Physical properties

Adeguate data exist to characterize mdting point, boiling point, water solubility and partition
coefficient. A vaue for the partition coefficient (log Kow) has been estimated using the
EPIWIN KOWWIN program. No physica property testing is proposed.

Environmental fate properties

EPIWIN modeling provides adequate data for hydroxyl radica induced atmospheric
photodegradation and environmenta transport, as well as bioconcentration factor and Henry's
Law Congant. Thiodipropionitrile is known to have limited stability in water and hydrolysesto
the corresponding thiodipropionic acid (CAS No. 111-17-1) or its sdt, depending on pH and
temperature. Measured dataindicate that hydrolysis occurs dowly at ambient temperatures.
As mentioned earlier, no biodegradation data are available and a biodegradation study is
proposed.

Aquatic toxicity

Tedting in fish, Daphnia or dgae has not been performed. LC/ECsq vaues for thiodipropionitrile
in these species have been estimated usng ECOSAR. Acute aquatic testing is not proposed for
fish, dgphnia and agae, since the LC/ECs, vaues predicted by ECOSAR are substantidly higher
than expected environmenta concentrations (See Appendix | for further documentation).

Mammédian toxidity

Adeguate acute mammadlian toxicity data are available, and no testing is proposed for this
endpoint. No data are available for mutagenicity or chromosoma aberrations, therefore testing
to fill these endpointsis proposed. No reproductive or developmenta toxicity sudies are
available, but no testing is proposed, because thiodipropionitrile is manufactured and used
exclusvdy asadgte limited, closed sysem (Type A) indudtrid intermediate and extra

precautions are taken to limit exposure (See Appendix | for further documentation). Repeat dose
gudies are available and summarized. Although these studies are not up to current standards, no
further repeat dose testing is required, since the substance isa Type A indudtrid intermediate.
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APPENDI X |
Documentation of manufacture and use of thiodipropionitrile as an industrial inter mediate

According to the EPA Guidance for Testing Closed System Intermediates for the HPV Chalenge
Program, “any chemica which isintended to undergo afurther ddiberate reaction to produce
another indudtrial substance is considered an intermediate.”

It is believed that thiodipropionitrile is a closed system intermediate thet fits the description of a
Type A closad sysem indudtrid intermediate. This description is asfollows:

(a) isolated intermediates which are stored in controlled on-gte fadilities

The EPA guidance dso states that documentation is to be provided to support the claim for
reduced testing. Such documentation includes information on number of Sites, basis for closed
process, and information on release, transportation or presence in distributed product. This
information for thiodipropionitrile is provided below:

Thiodipropionitrile is manufactured at two plant sitesin the United States. These Sites are owned
and operated by Cytec Industries Inc. and The Dow Chemical Company (one Site per company).
At each gte, manufacture is carried out in a closed system by the reaction of acrylonitrile with
sodium sulfhydrate (SSH) in an agueous medium. The total number of workersinvolved in the
manufacture and use processes at the two plant sites is gpproximately 40 for Dow and 8 for
Cytec IndudriesInc. The reactants are each added to the reactor from closed feed tanks through
closad lines. A dight molar excess of SSH is employed to assure complete chemica converson
of acrylonitrile. The reaction temperature is maintained between 28-30°C, since
thiodipropionitrile undergoes Sgnificant hydrolysis to thiodipropionic acid and its sodium st &
higher temperatures.

The product liquid thiodipropionitrile layer is purified by water washing and separation within

the closed reactor, and transported through closed linesto a storage tank. From the storage tank,
thiodipropionitrile is transferred on site through closed lines to another reactor for conversion to
adifferent chemical used to manufacture thio chemicas. In addition to the liquid product layer,

the reaction process has three other process layers, which are the agueous akadine layer
containing excess SSH, and two water washes. The water washes are recycled to the process and
any waste agueous layers are sent to plant waste process water trestment facilities for
biodegradation. These streams contain minimal concentrations of thiodipropionitrile. The major
organic component of these streams is byproduct waste, thiodipropionic acid, sodium sat, which
isformed by hydrolyss of the product.

At both Cytec Industries Inc. and the Dow Chemical Company the sole use of thiodipropionitrile
isasaclosad system indudtrid intermediate, which is completely converted to other thio
chemicds a the same plant Ste. There are no sdes of thiodipropionitrile, the intermediate does
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not leave the manufacturing Site a either company, and thiodipropionitrile is not present
gppreciably in any downstream product.

Although no industrid hygiene monitoring data are available for thiodipropionitrile a either
manufacturing facility, the closed system manufacturing and conversion processes, coupled with
the limited volatility and high boiling point (163-4°C at 1 hPa) of thiodipropionitrile both suggest
that any worker exposure to this substance would be infrequent and a avery low level. Extra
precautions must be taken (closed systemn, engineering controls, persona protective dothing as
appropriate, etc.) to comply with specia, strict Occupationa Safety and Health Administration
(OSHA) regulations (29 CFR 1910.1045) designed to prevent exposure to acrylonitrile, the raw
material used to manufacture TDPN. These regulations have been in place since 1980. The
current OSHA TLYV for acrylonitrileis 2 ppm. Asrequired by the OSHA regulations, whenever
the concentration of acrylonitrile is unknown, asupplied air and auxiliary sdf-contained
breathing gpparatus with full facepiece in postive pressure mode is required to minimize
exposure to acrylonitrile vapor. In addition, impermesble protective clothing is used to protect
any area of the body which may come in contact with liquid acrylonitrile. During maintenance

in these plants, workers are required to wear a complete suit to minimize exposure to
acrylonitrile. In addition, al employees exposed to acrylonitrile at concentrations & or above the
action level of 1 ppm are required to be part of amedica surveillance program. The protective
equipment worn to reduce/diminate exposure to acrylonitrile, amore volatile materid, should
minimize worker exposure to thiodipropionitrile.

Protective equipment includes impervious gloves and an gpron to prevent skin contact, chemical
splashproof goggles or aface shidd, and a NIOSH approved respirator when thereis potentia
for inhalation exposure (Cytec Indudtries Inc., 1997).
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